INTRODUCTION
The essential oils of natural plants are considered to be more effective than pesticides traditionally used 1, 2 , and reduce the pollution to environment and toxicity to mammalian 3 . In the course of our search for natural bioactive chemicals and investigations on their insecticidal activities from some medicinal plants growing in China 4 6 , the essential oil derived from twigs of Zanthoxylum armatum DC. Rutaceae was found to possess strong insecticidal activities against Lasioderma serricorne Frbricius and Tribolium castaneum Herbst. Z. armatum, a spiny deciduous arbor, is distributed mainly in southeast and southwest China. It is also found throughout India, Nepal, Japan, work on the essential oil of Z. armatum collected from China is very few 15 . In this paper, we report the chemical constituents of essential oil derived from the fresh twigs of Z. armatum in China. It has been reported that the essential oil of Z. armatum is used to control female stable fly, Stomoxys calcitrans and found to possess larvicidal activities against three species of mosquito vectors, Aedes aegypti, Anopheles stephensi and Culex quinquefasciatus 16, 17 . The Z.
armatum oil also exhibits leech repellent activity and the seed extract shows lousicidal potential against tropical hen louse, Lipeurus lawrensis tropicalis 18, 19 . To the best of our knowledge, studies have not been conducted so far to evaluate the insecticidal activities against the stored-product insects. Therefore, we determine the fumigant and contact toxicity of the crude essential oil and its five main components against L. serricorne and T. castaneum adults in this work. L. serricorne and T. castaneum were obtained from laboratory cultures maintained for the last 3 years in the dark in incubators at 28-30 and 70-80 relative humidity. The insects were reared in glass containers 0.5 L containing wheat flour mixed with yeast wheat/yeast, 10:1, w/ w . Adults used in all the experiments were about one week old.
EXPERIMENTAL PROCEDURES
2.2 Isolation of the essential oil and purification of five constituents The powder of Z. armatum twigs was subjected to hydrodistillation using a Clevenger-type apparatus for six hours 20 . Anhydrous sodium sulphate was used to remove water after extraction. The essential oil was stored in airtight containers in a refrigerator at 4 for subsequent experiments.
The crude essential oil 15 mL was chromatographed on a silica gel Qingdao Marine Chemical Plant, Shandong province, China column 45 mm i.d., 500 mm length by gradient elution with n-hexane first, then with n-hexaneethyl acetate, and last with ethyl acetate. Fractions 200 mL were collected and concentrated at 35 , and similar fractions according to thin layer chromatography TLC profiles were combined to obtain 20 fractions. Of these, fractions 3-5, 9-12 were further purified by preparative silica gel column chromatography PTLC until obtain the pure compounds for determining structure as limonene 1, 0.85 g , 1, 8-cineole 2, 1.51 g , E -anethole 3, 2.20 g , 2-tridecanone 4, 1.02 g , and piperitone 5, 0.94 g . The isolated compounds were elucidated based on nuclear magnetic resonance and mass spectrometry.
1 H and 13 C-NMR spectra were recorded on Bruker Avance DRX 500 instruments using CDCl 3 as solvent with TMS as internal standard.
GC-MS and GC-FID analysis
The obtained essential oil was packed in amber vial, lightless. A sample of the oil was diluted in n-hexane and subjected to analysis by gas chromatography coupled to flame ionization detector GC-FID and gas chromatography coupled to spectrometry GC-MS in Beijing Normal University, Beijing, China. GC-MS analysis was running on a Thermo Finnigan Trace DSQ instrument No. MS 200275 equipped with a flame ionization detector FID and a capillary column of HP-5MS 30 m 0.25 mm 0.25 mm capillary column. The column temperature was programmed at 50 for 3 min then increased at 10 /min until the final temperature of 290 was reached, where it was held for 20 min. The injector temperature was maintained at 250 and the samples 1 mL, dilute to 1 with n-hexane were injected, with a split ratio of 1:50. The carrier gas was helium at flow rate of 1.0 ml/min. Spectra were scanned from 50 to 550 m/z. Most constituents were identified by comparison of their retention indices with those reported in the literatures. The retention indices were determined in relation to a homologous series of n-alkanes C 5 -C 36 under the same operating conditions. Further identification was made by comparison of their mass spectra with those stored in NIST 05 and Wiley 275 libraries or with mass spectra from literature 21, 22 . Relative percentages of the individual components of the essential oil were obtained by averaging the GC peak area reports. 
Isolated Compounds

Insecticidial activity 2.5.1 Fumigant Toxicity
The fumigant activity of the essential oil or pure compounds against the two species of insects was measured as described by Liu and Ho 28 . Range-finding works were run to assess the appropriate testing concentrations. A serial dilution of the essential oil/compounds five concentrations was prepared in n-hexane. A Whatman filter paper diameter 2.0 cm was impregnated with 10 L dilution and then placed on the underside of the screw cap of a glass vial diameter 2.5 cm, height 5.5 cm . The solvent was allowed to evaporate for 20 s before the cap was placed tightly on the glass vial, each of which contained 10 insects inside to form a sealed chamber. Fluon ICI America Inc. was used inside the glass vial to prevent insects from contacting the treated filter paper. n-Hexane was used as a control. Five replicates were carried out for all treatments and controls, and they were incubated under the same conditions for 24 h. The insects were considered dead if appendages did not move when probed with a tiny brush, and the corrected mortality 100 A-C / 1-C , where A the mortality of treated with essential oils, C the mortality of control.
Contact Toxicity
The contact toxicity of the essential oil or pure compounds against the two species of insects was tested with reference to the method of Liu and Ho 28 . Range-finding surveys were run to determine the appropriate testing concentrations. A serial dilution of the essential oil/compounds five concentrations was prepared in n-hexane. Aliquots of 0.5 mL of the dilutions were applied topically to the dorsal thorax of the insects. Controls were determined using n-hexane. Ten insects were used for each concentration and control, and the experiment was replicated five times. Mortality was recorded after 24 h of exposure and the corrected mortality 100 A-C / 1-C , where A the mortality of treated with essential oils, C the mortality of control.
Statistical Analysis
The corrected mortality represented the average mean of five replicates. The LC 50 or LD 50 value was analyzed by Probit analysis 29 , which was conducted using SPSS 19.0 for Windows 2007. During the Probit analysis, differences at values of p 0.05 were considered as significant.
RESULTS and DISCUSSION
Chemical compounds of the essential oil
The crude essential oil from Z. armatum twigs was pale yellow with a yield of 0.53 v/w and density of 0.84 g/ mL. Examination of essential oil of Z. armatum by GC-MS revealed the presence of thirty-two components, accounting for 98.2 of the total oil Table 1 . The main constituents in the essential oil of Z. armatum were E -anethole Fig. 1 .
In the present paper, the chemical composition of the essential oil is comparable to that of the previous reports with some variation in the constituents. For example, Bisht high content composition in Z. armatum. However, in our investigation, linalool was a minor constituent, only presented in 0.5 . The observed differences in chemical composition and content of the essential oil from Z. armatum could be due to harvest time and local, environmental conditions, or may result from herbal parts used and the extraction and analytical methods used. These variations may lead to different biological activities.
Insecticidial activity
The fumigant toxicities of essential oil from Z. armatum twigs and five isolated compounds against L. serricorne and T. castaneum were presented in Table 2 . The results showed that the red flour beetle T. castaneum treated by the crude essential oil was more sensitive than the cigarette beetle L. serricorne with LC 50 values of 4.28 and 12.54 mg/L air, respectively. Among the five compounds, piperitone exhibited the strongest fumigant toxicity to the cigarette beetle LC 50 In the present work, piperitone showed much different insecticidal activities between the two tested insects. In contrast to contact toxicity test, L. serricorne adults treated with piperitone were more susceptible than T. castaneum adults in the fumigant toxicity test Table 2 and 3 . This indicates that fumigant toxicity may be a major route of insecticidal activity of piperitone against L. serricorne, while the mode of action in T. castaneum is via contact toxicity. It also has been reported that piperitone possessed insecticidal activity against the third instar larvae of Spodoptera littoralis and the adults of Callosobruchus maculatus 35, 36 . Moreover, 2-tridecanone presented strong contact toxicity against L. serricorne and T. castaneum, whereas no fumigant toxicity of 2-tridecanone was measured to the test insects. It is also found that 2-tridecanone has strong contact toxicity to Solenopsis invicta, larvae of Keiferia lycopersicella and Spodoptera exigua 37, 38 . In this context, the combination of 2-tridecanone as a contact toxin and piperitone as a fumigant at a certain ratio would develop significantly stronger insecticidal activity than individual compounds.
CONCLUSION
This paper is the first one to demonstrate botanical efficacy of Z. armatum essential oil towards storage pests. The results suggested that Z. armatum essential oil and its major components could be a promising alternative in the control of stored-product insects. Further investigations should be focused on the safety of essential oil/compounds to humans, the development of formulations and improvement of their efficacy and stability. 
